Introduction: Aneurysmal subarachnoid hemorrhage (aSAH) is frequently seen in emergency departments. Secondary injury, such as subarachnoid hemorrhage-associated myocardial injury (SAHMI), affects one third of survivors and contributes to poor outcomes. SAHMI is not attributed to ischemia from myocardial disease but can result in hypotension and arrhythmias. It is important that emergency nurses recognize which clinical presentation characteristics are predictive of SAHMI to initiate proper interventions. The aim of this study was to determine whether patients who present
• Neurocardiac nursing assessment in the emergency department can be utilized to triage patients with subarachnoid hemorrhage.
• Emergency nurses need to be vigilant for cardiac complications in patient with unresponsiveness at the time of subarachnoid hemorrhage.
• Nurses are the first step in patient care. To provide patients with the best care possible, nurses need to be highly competent in recognizing alarming symptoms.
neurysmal subarachnoid hemorrhage (aSAH) is a major form of hemorrhagic stroke commonly encountered in the emergency department. Up to 15% of patients die before they reach the emergency department. 1 Survivors of aSAH are left with functional and cognitive disability due to the initial bleeding as well as to secondary complications. 2, 3 Although common neurologic complications include delayed cerebral ischemia, with need for hemodynamic support, 7, 8 arrhythmias, 9 myocardial wall motion abnormalities with depressed cardiac output and ejection fraction, and elevated cardiac troponin level. 10 These neurologic and cardiac complications are not independent of each other. The brain-heart interaction is well recognized after neurologic insults, particularly after aSAH, and is thought to be catecholamine mediated. 11 Subarachnoid hemorrhage-associated myocardial injury (SAHMI) is type of neurocardiac injury that involves myocardial dysfunction associated with subarachnoid bleed. Approximately one third of patients with aSAH experience SAHMI. 9, 12, 13 SAHMI is partly attributed to sudden sympathetic activation at the time of aneurysm rupture, which causes a rapid and sustained increase in serum catecholamine levels, directly damaging the heart and resulting in myocardial contraction band necrosis. Importantly, it is not associated with myocardial ischemia. 11, 14 Nevertheless, the subsequent myocardial cellular damage is manifested by systemic hypoperfusion, electrocardiographic changes, elevated cardiac enzymes, and wall motion abnormalities.
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Although most of these abnormalities reverse over time, SAHMI has been associated with poor outcomes and death in these patients. 10 As SAHMI occurs as a consequence of the aneurysm rupture, early detection of symptoms in the emergency department is essential. The reasons for this are twofold. First, it must be recognized that these symptoms are attributed to aneurysm rupture, and not a primary acute coronary syndrome due to ischemic cause. Secondly, recognizing this complication in patients with aSAH permits the emergency nurse to anticipate and apply supportive care for the myocardial dysfunction as well as alert the staff of the transfer unit to be vigilant for further manifestations of SAHMI. The aim of this study was to determine which aspects of the initial clinical presentation of patients with aSAH to the emergency department predicted SAHMI, as defined by cardiac troponin I ≥0.3 ng/mL.
Methods
This was a prospective descriptive study (R01HL074316 and R01NR014221) of patients with spontaneous aSAH. The local institutional review board approved this study, and all patients received detailed verbal and written explanations about the study before they provided consent. SAHMI was defined as peak cTnI ≥ 0.3 ng/mL; cTnI levels were obtained at least daily for the first 5 days postbleeding and measured using the Beckman Coulter Access AccuTnI assay (Beckman Instruments Inc, Chaska, MN).
CLINICAL PRESENTATION
Age, sex, race, and past cardiac medical history were collected from the patients, families, and/or the medical records. Aneurysm site was determined by the attending neurosurgeon using digital subtraction angiography and further categorized as anterior or posterior circulation aneurysms for analysis. Severity of injury was evaluated by Glasgow coma scale (GCS), Fisher grade, and Hunt and Hess (HH) grade. Initial GCS was extracted from the ED records. Fisher and HH grades were determined by the attending neurosurgeon, based on the patient's initial clinical examination (HH grade) and the amount of cerebral blood on the first CT scan (Fisher grade). Admission HH score was further categorized as good (HH grade 0-2) or poor (HH grade 3-5) for analysis. Patients, surrogates, and medical records were interrogated for prehospital symptoms including headache, unresponsiveness, and seizures.
The admission 12-lead ECG was evaluated for ventricular rate, atrial rate, PR interval, QRS duration, and QTc interval by a cardiologist. QT interval was corrected for heart rate using Bazett's equation (QTcB). Initial vital signs were extracted from ED records including heart rate, temperature, respiratory rate, pulse oximetry (SpO 2 ), and blood pressure (noninvasive).
STATISTICAL ANALYSES
Statistical analyses were conducted using IBM SPSS 24 (SPSS Inc, Chicago, IL). Sample description was completed using frequency distribution for categorical variables and mean ± standard deviation for continuous variables. Univariate group comparison was performed using chi square statistics for categorical variables and student's t-test or Mann-Whitney U statistics for continuous variables. Mann-Whitney U test was used when the assumptions of student's t-test were violated. When the results of Mann-Whitney U test were similar to t-test, t-test statistics were reported. Prediction analytics in the form of multivariable analyses were performed using binary logistic regression as a function of the probability for a patient to have SAHMI after aSAH. Predictors with a P value b .2 were entered in the multivariable logistic regression model. Predictors with the greatest P value were excluded one by one in a serial fashion until all the predictors in the model were statistically significant (P b .05). Because of multicollinearity, HH grade, unresponsiveness, and admission GCS were used in different models.
Results
Of all 449 patients included in the study, the mean age was 53 ± 11 years, with a majority female (328, 73%), and white (393, 88%). The mean admission GCS was 13 ± 4, with a poor HH grade (245, 55%). Most aneurysms were eventually obliterated with endovascular coiling (301, 67%). The most reported initial symptoms of patients in this analysis included headache 321 (86%), seizure 41 (11%), and unresponsiveness 125 (33%).
Of the total sample, 126 patients (28%) had SAHMI. The clinical presentation characteristics of patients with and (Table 3) , poor HH grade and GCS, as well as a report of unresponsiveness and prolonged QTcB interval, were significant and independent predictors of SAHMI. Patients with poor HH grade and unresponsiveness at the time of bleeding had a 4.01 and 3.04-fold (respectively) increased odds of SAHMI compared with those with good HH grade and those who did not have unresponsiveness at the time of bleeding (P b .01). For every one unit decrease in admission GCS, the odds of SAHMI increased by 17% (P b .001). For every 1 millisecond increase in QTcB interval, the odds of SAHMI increased by 1% (P b .001).
Discussion
This analysis sought to explore if the clinical characteristics of patients with aSAH admitted to the emergency department predicted SAHMI for the purpose of informing emergency nurses of the likelihood of this post-aSAH complication. Our findings indicate that clinical presentation and neurologic examination in the emergency department can be a useful prognosticating tool for SAHMI. The severity of neurologic symptoms upon examination at the time of bleeding, or on initial presentation, is a strong and independent predictor of SAHMI. The worse the symptoms observed at the time of bleed, the greater the odds for those patients to develop SAHMI. Patients whose prehospital symptoms included unresponsive at the time of bleeding, those with poorer HH grades and/or lower GCS score in the emergency department, or longer QTcB interval on the initial 12-lead ECG are at high risk for SAHMI. Our findings are useful for predicting as well as detecting SAHMI. Although unresponsiveness, HH grade, and GCS score can be used to identify patients at high risk, prolonged QTcB can be used for detecting SAHMI at the bedside. Importantly, of all patients with SAHMI, no one displayed any electrocardiographic changes consistent with ischemia. The absence of ischemic electrocardiographic changes is an important clinical clue to rule out a primary cardiac ischemic diagnosis as the cause for unresponsiveness. The prediction and early detection of SAHMI will potentially alert nurses to observe patients closely for other manifestations of SAHMI, such as hypotension and arrhythmias, and prevent any delay in supportive treatment, which may in turn serve to improve outcomes in those patients. We recommend that bedside nurses vigilantly monitor patients with aSAH who have these characteristics.
Evidence suggests an association between SAHMI and World Federation of Neurological Societies (WFNS) score, which is a function of GCS score. 11 GCS, a commonly used neurologic grading criterion in emergency departments, and HH grade quantify the severity of symptoms that likely represents the degree of neurologic damage. Evidence in the literature suggests that catecholamine levels are positively associated with the neurologic status (WFNS) and poor clinical grade (HH) in patients with aSAH. 11, 15 The underlying mechanism is likely to be mediated through catecholamine release. The brainstem ischemia that is caused by elevated intracranial pressure at the time of aneurysm rupture induces a sudden activation in the sympathetic nervous system, which, in turn, leads to increased catecholamine levels. 10, 15 Our findings are also consistent with findings by others who demonstrated that HH grade and loss of consciousness at the time of bleeding are predictors of SAHMI, [16] [17] [18] [19] [20] suggesting that patients with poor HH grade on admission and who have become unresponsive at the time of bleeding likely had higher levels of neurologic stress and therefore greater catecholamine release and thus greater susceptibility for SAHMI. Poor neurologic findings on examination at the time of admission have been found to predict myocardial wall motion abnormalities. 21 These findings indicate that SAHMI is neurogenic in nature and is incrementally associated with the degree of neurologic damage. Therefore, patients with low GCS, poor HH grade, a report of unconsciousness or seizure should be closely assessed and monitored for SAHMI. We found that the severity of symptoms measured by HH grade was a stronger SAHMI predictor than the amount of blood evident on the CT scan as measured by Fisher grade, and Malik et al have reported similar findings.
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The finding that patients with SAHMI were more likely to display the symptom of unconsciousness or seizure rather than headache at the time of bleed was unexpected, as a description of "the worst headache ever" is taught as a clinical cue for aSAH. To our knowledge, this is the first study to report this relationship between headache and SAHMI compared with other symptoms. We suspect that, as SAHMI is associated with more severe injury, those patients were more likely to move directly to seizure or an unconscious state, precluding their ability to complain of headache. Patients without SAHMI had less severe injury and lower GCS scores; therefore, they were in a state of lighter consciousness and thus able to notice and report headaches.
Prolonged QTcB interval and SAHMI has been reported in the literature, suggesting repolarization abnormalities in patients with elevated catecholamine and cTnI levels. 22 In this study, we found an association between SAHMI and prolonged QTcB, independent of the initial neurologic examination and severity of prehospital symptoms. We also identified a univariate association between SAHMI and a higher heart rate in the emergency department vital signs and the initial ECG. However, when controlling for HH grade, this association was not maintained. Sustained elevated heart rate in the intensive care units was associated with SAHMI even after controlling for HH grade in other reports. 23 
LIMITATIONS
This study has several limitations, in part due to patient recruitment over a 12-year period. This may have resulted in variations in standard care for this population during this time, including earlier and more appropriate treatment of aSAH and SAHMI, as well as changes assays measuring cTnI levels. Also, HH is graded and assessed by members of the neurosurgery team and is subject to interrater variations in the given grade. Initial symptoms at time of bleed including headache, unresponsiveness, or seizure were obtained retrospectively from patient and family reports. Although some symptoms may be easily noticed, or recalled by patients and communicated to their families, unresponsiveness and seizure may have not been precisely observed by the families, or the patients may have passed through a number a symptom phases before they became unresponsive. Finally, the majority of our patients were white and female; this may threaten the external validity of this study, but it represents the general demographic characteristics of the population in this area.
IMPLICATIONS FOR EMERGENCY NURSES
Emergency nurses are often the first to encounter patients with aSAH. It is important that emergency nurses understand the myocardial dysfunction associated with aSAH and not mistake its symptoms with other potential causes for unconsciousness, hypotension, and arrhythmias such as myocardial ischemia, hypovolemia, or electrolyte imbalances. Our findings emphasize that clinical presentation and neurologic examination in the emergency department can be predictive of neurocardiac injury after aSAH. These findings can be very helpful for triaging patients with aSAH in the emergency department as well as initiating proper and timely interventions.
Conclusion
This study confirms that select aspects of clinical presentation of aSAH in the emergency department can predict SAHMI. Patients who become unresponsive at the time of bleeding, those with poor HH grade, low GCS score, or long QTcB interval on admission should be monitored vigilantly for SAHMI through serial and frequent cTnI measurement as well as electrocardiographic and blood pressure surveillance. Further studies are warranted to test whether initiating serial troponin I measurement and continuous electrocardiographic surveillance for patients with poor clinical presentation and neurologic examination findings in the emergency department would result in early detection of SAHMI.
